Abstract: A convenient and unequivocal synthesis of the title compounds from isoselenocyanates, malononitrile or 2-cyanoacetate, and 1,2-dibromoethane or a-halogenated carboxylic acid derivatives is reported. The proposed reaction mechanism involves in situ cyclization of different halogenated compounds with an intermediate keten-N,Se-acetal, generated by the base promoted nucleophilic addition of the acidic cyanomethylenes to aliphatic and aromatic isoselenocyanates. Chemical and spectroscopic evidence for the structures of the new compounds is presented. 
3 Scheme 1.
Results and discussion
After several unsuccessful attempts at reactions of isoselenocyanates with β-diketons like acetylacetone and dibenzoylmethane, we were successful by using cyanomethylene derivatives. Malononitrile and ethyl cyanoacetate react at room temperature with aryl and alkyl isoselenocyanates in the presence of a base to afford an intermediate keten-N,Se-acetal 7, which subsequently can react with different halogenated compounds (Scheme 2). For example, the carbanion obtained from malononitrile (6a) and triethylamine in DMF added to isoselenocyanates 1 to give an intermediate of type 7. The latter reacted with 1,2-dibromoethane (8) to give another intermediate 9, which cyclized to yield 1,3-selenazolidine derivatives of type 10. After stirring for four hours, the reaction mixture was evaporated to dryness and the residue was purified by column chromatography on silica gel and recrystallization from ethyl acetate (Table 1) . Similar reactions were performed starting with ethyl cyanoacetate (6b). It is worth mentioning that only one isomer was obtained in the case of the cyanoacetates 10e-g ( Table 1 ).
The structures of the products were established on the basis of their spectroscopic data and, in the cases of 10a and 10c, by X-ray crystallography (Figure 1) . The 2-(1,3-selenazolidin-2-ylidene)malononitriles 10a-d show two different CN absorptions in the IR spectra (KBr; ca. 2203 and 2190 cm -1 ) and 13 C NMR spectra (DMSO; ca. 112 and 118 ppm). For the 2-cyano-2-(1,3-selenazolidin-2-yliden)acetates 10e-g,
the CN absorption appears at ca. 2195 cm -1 and 114 ppm. 
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In the crystal structure of 10a, the two CH 2 groups in the five-membered ring are disordered over two approximately equally occupied positions, which result from alternate half-chair puckering of the ring conformation. The two cyano groups are coplanar with the atoms Se(1),C(2),N(3), and C(6), but the bond angles at the dicyanomethylidene C-atom are significantly different: whereas the angles C(2)-C(6)-C(7) and C(7)-C(6)-C(8) are small (118.2(1) and 115.7(1)°, resp.), the angle C(2)-C(6)-C(8) is widened (126.1(2)°), i.e. the CN group is tilted away from the phenyl residue. In turn, the latter is twisted out of the plane above mentioned by ca. 86°. Furthermore, the CN group pointing toward the phenyl residue is slightly bent away from the phenyl ring (N(8)-C(8)-C(6) = 175.2(2)°) whereas the other one is linear (N(7)-C(7)-C(6) = 179.3(2)°. In the case of 10c, the five-membered ring has a half-chair conformation twisted on C(4)-C(5). The other structure parameters of 10c are very similar to those of 10a. (arbitrary numbering of atoms; 50% probability ellipsoids).
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The analogous reaction of 1, 6a, and methyl 2-chloroacetate (11a) gave the 2-(4-oxo-1,3-selenazolidin-2-ylidene)malononitriles of type 13 (Scheme 2, Table 2 ). We propose that 12 is the intermediate, which
is the product of the reaction of the initially formed 7 with the halogenated compound. A subsequent condensation by elimination of methanol then yields 13. In the case of 13a and13d, the same products were obtained in increased yield by using ethyl bromoacetate (11b). Furthermore, the reaction with methyl 2-chloropropionate 11c led to the 5-methyl derivatives 13h and 13i (Table 2) .
As in the case of the malononitriles 10a-d, the 4-oxo derivatives of type 13 show two CN absorptions in the IR (ca. 2220 and 2210 cm -1 ) and in the 13 C NMR spectrum (ca. 110 and 115 ppm). In addition, the CO group appears at 1733-1743 cm -1 and 160-173 ppm. The structure of 13a was established by X-ray crystallography ( Figure 2 ). Although the compound is achiral, it has crystallized in a polar space group and the absolute structure has been determined by the diffraction experiment. The five-membered ring is almost planar, but is puckered slightly towards an envelope conformation where atom C(5) lies 0.149(2)
Å from the mean plane defined by the other four ring atoms. The adjacent atoms O(4) and C(9), as well as the dicyanomethylidene group, are also lying in this ring plane. The phenyl group is oriented almost orthogonal to the above defined heterocyclic ring plane (dihedral angle ca. 86°). The other structure parameters are very similar to those of 10a and 10c. . ORTEP plot 36 of the molecular structure of 13a (arbitrary numbering of atoms; 50% probability ellipsoids).
The corresponding ethyl 2-cyano-2-(4-oxo-1,3-selenazolidin-2-yliden)acetates 13k-m were prepared in a similar manner from 1, 6b, and 11a (Scheme 2, Table 2 ). Again, only one isomer was obtained (TLC, NMR). In the case of 13k, the molecular structure was established by X-ray crystallography (Figure 3) .
The exocyclic C,C-double bond is (Z)-configured, i.e., the sterically more demanding ester group is pointing away from the N-phenyl group. There are two symmetrically-independent molecules in the (arbitrary numbering of atoms; 50% probability ellipsoids).
Treatment of the intermediates 7 with bromoacetyl bromide (14a) led to a surprising result. As the reaction between thioureas and acyl halides is known to give S-acylated isothioureas, 37 we expected that 7 and 14a would give 15 by the reaction of the more nucleophilic Se-atom with the more electrophilic acyl C-atom (Scheme 3). Under the basic reaction conditions, the subsequent cyclization via nucleophilic substitution of bromide by the N-atom could lead to the 5-oxo-1,3-selenazolidine derivatives 16, which are isomers of 13. Mohareb, 38 Bukowski, 39 and more recently Metwally and coworkers, 40 described analogous reactions with isothiocyanates, which led to 1,3-thiazolidin-5-ones.
On the other hand, Koketsu et al. 41 reported the synthesis of 1,3-selenazolidine-4-ones from selenourea and α-haloacyl halides. Although NMR analysis should differentiate clearly between the two isomeric structures, some doubts about the structures remain.
The reaction of 1a with 6a and 14a under the usual conditions led to a single product in 85% yield, which was identified as 13a by direct comparison with the product obtained from the reaction with 11a.
Analogously, only one product was formed in all the other reactions of 1 with 6a,b and 14a. By comparison of their 1 H and 13 C NMR spectra with those of 13a, we attributed the structures 13b, 13e, 13f, and 13g to these products (Table 2) . Furthermore, the product 13g obtained from cyclohexyl isoselenocyanate, malononitrile (6a), and 2-bromoacetyl bromide (14a) was in all respects identical with 10 13g formed in the reaction with methyl 2-chloroacetate. With 4-methylphenyl isoselenocyanate, 6a, and 2-bromopropanoyl bromide (14b), 13i was obtained in 63% yield (Table 2 ).
The unexpected formation of the 4-oxo-1,3-selenazolidine derivatives 13 in the reactions with 2-bromoacetyl bromide 14a can be explained by the reaction mechanism shown in Scheme 4. The intermediate 15, which is formed by the nucleophilic substitution of the acyl bromide of 14a by the Seatom of 7 undergoes a base catalyzed 1,3-acyl shift to give the rearranged intermediate 17. Similar S → N migrations of the acetyl group are known and have been studied in depth kinetically 42 and described recently by Pihlaja and coworkers. 43 Finally, the Se-atom attacks the α-carbon atom of the amide group and forms the 1,3-selenazolidinone ring by displacing the bromide ion to give 13.
Scheme 3.
Another goal of the present study was the synthesis of analogous 1,3-selenazolidin-4,5-diones. In the first instance, we tried to trap 7 with oxalyl chloride, but we did not succeed in obtaining the dioxo derivatives. Furthermore, all attempts to use diethyl oxalate or the recently described ethyl 2-chlorooxoacetate 44 were also unsuccessful. In addition, the oxidation of 13a by selenium dioxide 45 failed to
give the corresponding 1,3-selenazolidine-4,5-dione. In conclusion, we have shown that malononitrile (6a) and alkyl 2-cyanoacetates (6b,c) react with isoselenocyanates 1 in DMF in the presence of excess triethylamine to give intermediates 7, which react with 1,2-dibromoethane or α-halogenated acyl derivatives to give 1,3-selenazolidines 10 and 1,3-selenazolidin-4-ones 13, respectively, in moderate to good yields. This one-pot reaction offers a convenient access to these selenium-containing five-membered heterocycles by starting with isoselenocyanates 1 as building blocks. 
Conclusion

chlorophenyl)-, N-(4-bromophenyl)-, N-(4-fluorophenyl)-, and N-(4-methoxyphenyl)formamide were
prepared from the respective anilines and 95% formic acid (ref. 46 ). The solution was heated to reflux for 30 min and then evaporated to dryness in vacuo. The residue was dissolved in ether and washed with diluted acetic acid (5%), water, and aqueous NaHCO 3 (5%). The aqueous layer was extracted with ether, the combined organic extracts were dried over MgSO 4 , and evaporated under reduced pressure. The crude products were purified by recrystallization in water.
General Procedure for the preparation of 1,3-selenazolidine derivatives. A 25 mL round-bottom flask equipped with a magnetic stirrer and condenser was charged with a solution of malononitrile (6a; 73 mg, 12 1.1 mmol) in DMF (10 mL). Triethylamine (0.15 mL, 1.1 mmol) was added and the mixture was stirred for 30 min at rt. Isoselenocyanate (1; 1.1 mmol) was added and the mixture was stirred for 1 h at rt.
Then, the α-halogenated compound (1.1 mmol) was added dropwise and the mixture was stirred for 4 h before being evaporated to dryness under reduced pressure. The crude product was purified by column chromatography on silica gel with hexane/ethyl acetate (100/0 to 50/50) as eluant and recrystallized from ethyl acetate. Suitable crystals for the X-ray crystal structure determination were grown from CH 2 Cl 2 by slow evaporation of the solvent. -4-oxo-3-phenyl-1,3-selenazolidin-2-ylidene) Suitable crystals for the X-ray crystal structure determination were grown from CH 2 Cl 2 by slow evaporation of the solvent. 
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X-Ray crystal-structure determination of 10a, 10c, 13a, and 13k
All measurements were performed on a Nonius KappaCCD area-diffractometer 47 using graphitemonochromated MoK α radiation (λ 0.71073 Å) and an Oxford Cryosystems Cryostream 700 cooler. The data collection and refinement parameters are given below 48 and views of the molecules are shown in Figures 1-3 . Data reduction was performed with HKL Denzo and Scalepack. 49 The intensities were corrected for Lorentz and polarization effects, and absorption corrections based on the multi-scan method 50 were applied. Equivalent reflections, other than the Friedel pairs in 13a, were merged. The structures were solved by direct methods using SIR92, 51 which revealed the positions of all non-Hatoms. In the case of 10a, the two CH 2 groups in the five-membered ring are disordered over two conformations. Two sets of positions were defined for the atoms of these groups and the site occupation factor of the major conformation refined to 0.51(1). Similarity restraints were applied to the chemically equivalent bond lengths and angles involving all disordered C-atoms. In the case of 13k, there are two symmetry-independent molecules in the asymmetric unit. The atomic coordinates of the two molecules 18 were tested carefully for a relationship from a higher symmetry space group using the program PLATON, 52 but none could be found. The terminal ethyl group in one molecule is disordered over two conformations. Two sets of overlapping positions were defined for the atoms of this group and the site occupation factor of the major conformation of this group refined to 0.58(2). Similarity restraints were applied to the chemically equivalent bond lengths and angles involving all disordered C-atoms, while neighboring atoms within and between each conformation of the disordered ethyl group were restrained to have similar atomic displacement parameters. The non-H-atoms were refined anisotropically. All of the H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent C-atom (1.5U eq for the methyl groups). The refinement of the structures was carried out on F 2 using full-matrix least-squares procedures, which minimized the function Σw(F o 2 -F c 2 ) 2 . Corrections for secondary extinction were applied in the cases of 10c, 13a, and 13k. In 10a and in 10c, one reflection, whose intensity was considered to be an extreme outlier, was omitted from the final refinement.
Refinement of the absolute structure parameter 53 of 13a yielded a value of -0.021(7), which confidently confirms that the refined coordinates represent the true absolute structure. Neutral atom scattering factors for non-H-atoms were taken from 54 , and the scattering factors for H-atoms were taken from ref. 55 Anomalous dispersion effects were included in F c ; 56 the values for f' and f" were those of ref. 57 The values of the mass attenuation coefficients are those of ref. 58 All calculations were performed using the 
